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DESCRIPTION 



GAIN CONTROL METHOD, GAIN CONTROL DEVICE, AND RECEIVER AND 
CELLULAR PHONE WHICH ARE EQUIPPED WITH THE GAIN CONTROL DEVICE 

Technical Field 

The present invention relates to a gain control method 
and a gain control device for controlling the gain of an amplifier , 
and a receiver and a cellular phone which are equipped with 
the gain control device. 

^ 

Background ^Art 1 

When a prescribed signal is amplified to stabilize 
variation of reception power, a receiver used in a communication 
network system uses a "gain control device" for controlling 
the gain of the amplification. Here, a variable gain amplifier 
and a portion for controlling the gain of the variable gain 
amplifier are collectively referred to as "gain control device" ) . 
in a receiver using a digital processing type demodulator, an 
output from a variable gain amplifier equipped to a gain control 
device is converted to a digital data sequence by an A/D converter 
equipped to the gain control device, and then input to a digital 
processing type demodulator. 

However, in order to allow the dynamic range of the A/D 
converter to target the output power in the overall range from 
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the minimum output power output from the variable gain amplifier 
to the maximum output power, the A/D converter is required to 
have extremely high performance. However, it is unrealistic 
to prepare for such an A/D converter, and it is general to use 
an A/D converter which can treat the output power in a 
predetermined part of the overall range from the minimum output 
power output from the variable gain amplifier to the maximum 
output power. 

Accordingly, in such a case, there exists a problem that 
the power output from the variable gain amplifier must be 
amplified to a predetermined magnification within a 
predetermined time. 

Here, an AGC circuit disclosed in JP-A-1 1-2 89231 has been 
hitherto known as a device for controlling the gain of a gain 
amplifier. 

According to the conventional AGC circuit , a signal output 
from a gain amplified equipped to a communication terminal used 
in a communication system is sorted to one of three areas in 
accordance with magnitude of power, and a response speed of 
the AGC circuit is determined on the basis of which one of the 
areas the output power is sorted to, thereby determining the 
gain of the gain amplifier. 

The response speed of the AGC circuit represents a speed 
at which the signal passes through the AGC circuit, and there 
is a characteristic that the quality of the signal output from 



the AGC circuit is more deteriorated as the response speed is 
higher. 

The present invention has an object to provide a gain 
control method and a gain control device which can carry out 
gain control of a variable gain amplifier by a control operation 
completely different from the prior art at high speed and with 
high precision. 

The present invention proposes again control method which 
is improved so that the time required to adjust the gain can 
be more shortened by making the gain difference variable and 
carrying out gain control on the variable gain amplifier. 

Furthermore, the present, invention proposes a gain 
control device which is improved so that the time required to 
adjust the gain can be more shortened by making the gain 
difference variable and carrying out gain control on the variable 
gain amplifier. 

Still furthermore, the present invention proposes a 
receiver which uses a gain control device improved so that the 
gain difference is made variable and the gain adjustment is 
carried out and in which the magnitude of power input to an 
A/D converter is within a dynamic range of the A/D converter 
until a predetermined time elapses from input of a signal to 
the A/C converter. 

Still furthermore, the present invention proposes a 
cellular phone which uses a gain control device improved so 
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that the gain difference is made variable and the gain adjustment 
is carried out and in which the magnitude of power input to 
an A/D converter is within a dynamic range of the A/D converter 
until a predetermined time elapses from input of a signal to 
the A/C converter. 

Disclosure of Invention 

According to the present invention, there is provided 
a gain control method for comparing output power of a variable 
gain amplifier with predetermined target power and controlling 
the gain of the variable gain amplifier in accordance with a 
comparison result, which can execute plural gain control cycles 
while changing the control gain difference thereof. 

In the above gain control method of the present invention, 
the control gain difference at each gain control cycle is 
successively reduced in connection with the repetition of the 
gain control cycle. 

In the above gain control method of the present invention, 
the control gain difference at each gain control cycle is 
successively reduced by half in connection with the repetition 
of the gain control cycle. 

In the above gain control method of the present invention , 
the gain control cycle includes a gain difference calculating 
step of calculating the gain difference between the gain set 
in the variable gain amplifier and a gain which is to be next 
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set, and a gain setting step of setting the gain of the variable 
gain amplifier in accordance with the calculation result of 
the gain difference calculating step. 

The above gain control method of the present invention 
contains a recovery operation of retrying the gain control when 
the gain control falls into a state that the gain to the variable 
gain amplifier cannot be converged into a predetermined control 
width. 

In the above gain control method of the present invention , 
the number of the gain control cycles can be set. 

In the gain control method of the present invention, the 
control gain difference at each gain control cycle is determined 
as the difference between a gain which has been already set 
in the variable gain amplifier and a gain which is newly set. 

In the above gain control method of the present invention, 
a gain when the output of the variable gain amplifier reaches 
a predetermined target value in the previous operation of the 
variable gain amplifier is used as a gain which is initially 
set in the variable gain amplifier. 

According to the present invention, there is provided 
a gain control method for comparing output power of a variable 
gain amplifier with predetermined target power and controlling 
the gain of the variable gain amplifier in accordance with a 
comparison result, and comprises a first gain control operation 
of executing plural gain control cycles while varying the control 
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gain difference thereof, and a second gain control operation 
of executing plural gain control cycles while the control gain 
difference thereof is fixed. 

In the gain control method of the present invention, the 
gain control cycles of the first gain control operation are 
executed while varying each gain control difference thereof. 

In the above gain control method of the present invention , 
the control gain difference at each gain control cycle in the 
first gain control operation is successively reduced in 
connection with the repetition of the gain control cycle. 

In the gain control method of the present invention, the 
control gain difference at each gain control cycle in the first 
gain control operation is successively reduced by half in 
connection with the repetition of the gain control cycle. 

In the above gain control method of the present invention , 
the gain control cycle of the first gain control operation 
includes a gain difference calculating step of calculating the 
gain difference between a gain set in the variable gain amplifier 
and a gain to be next set, and a gain setting step of setting 
the gain of the variable gain amplifier in accordance with the 
calculation result of the gain difference calculating step. 

The above gain control method of the present invention 
further comprises a recovery operation of retrying the gain 
control when the gain control falls into a state that the gain 
to the variable gain amplifier cannot be converged into a 
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predetermined control width in the first gain control step. 

In the above gain control method of the present invention, 
the number of the gain control cycles in the first gain control 
step can be set. 

In the above gain control method of the present invention, 
- after the first gain control operation is finished, the second 
gain control operation is carried out. 

In the above gain control method of the present invention, 
during a period when the second gain control operation is carried 
out, the second gain control operation is switched to the first 
gain control operation on the bas is of a predetermined condition . 

In the above gain control method of the present invention , 
the second gain control operation includes a judging step of 
judging on the basis of detected power whether the first gain 
control operation should be executed or not. 

In the above gain control method of the present invention , 
the control gain difference at each gain control cycle in the 
first gain control operation is determined as the difference 
between a gain which has been already set in the variable gain 
amplifier and a gain which is newly set. 

In the above gain control method of the present invention, 
in the first gain control operation, a gain when the output 
of the variable gain amplifier reaches a predetermined target 
value in the previous operation of the gain amplifier is used 
as the gain which is initially set in the variable gain amplifier. 
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According to the present invention, there is provided 
a gain control device for comparing output power of a variable 
gain amplifier with predetermined target power and controlling 
the gain of the variable gain amplifier in accordance with a 
comparison result, which can execute plural gain control cycles 
while changing the control gain difference thereof. 

In the above gain control device of the present invention, 
the control gain difference at each gain control cycle is 
successively reduced in connection with the repetition of the 
gain control cycle. 

in the above gain control device of the present invention , 
the control gain difference at each gain control cycle is 
successively reduced by half in connection with the repetition 
of the gain control cycle. 

In the above gain control device of the present invention, 
the gain control cycle is set to carry out a gain difference 
calculating step of calculating the gain difference between 
the gain set in the variable gain amplifier and a gain which 
is to be next set, and a gain setting step of setting the gain 
of the variable gain amplifier in accordancewith the calculation 
result of the gain difference calculating step. 

In the above gain control device of the present invention , 
the gain control contains a recovery operation of retrying the 
gain control when the gain control falls into a state that the 
gain to the variable gain amplifier cannot be converged into 
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a predetermined control width. 

In the above gain control device of the present invention, 
the number of the gain control cycles can be set. 

In the gain control device of the present invention, the 
control gain difference at each gain control cycle is determined 
as the difference between a gain which has been already set 
in the variable gain amplifier and a gain which is newly set. 

in the above gain control device of the present invention, 
a gain when the output of the variable gain amplifier reaches 
a predetermined target value in the previous operation of the 
variable gain amplifier is used as a gain which is initially 
set in the variable gain amplifier. 

According to the present invention, there is provided 
a gain control device for comparing output power of a variable 
gain amplifier with predetermined target power and controlling 
the gain of the variable gain amplifier in accordance with a 
comparison result, and is designed so that the gain control 
cycle is set to carry out a first gain control operation of 
executing plural gain control cycles while varying the control 
gain difference thereof, and a second gain control operation 
of executing plural gain control cycles while the control gain 
difference thereof is fixed. 

in the gain control device of the present invention, the 
gain control cycles of the first gain control operation are 
executed while varying each gain control difference thereof. 
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in the above gain control device of the present invention, 
the control gain difference at each gain control cycle in the 
first gain control operation is successively reduced in 
connection with the repetition of the gain control cycle. 

In the gain control device of the present invention, the 
control gain difference at each gain control cycle in the first 
gain control operation is successively reduced by half in 
connection with the repetition of the gain control cycle. 

in the above gain control device of the present invention, 
the gain control cycle of the first gain control operation is 
set to carry out a gain difference calculating operation of 
calculating the gain difference between a gain set in the 
variable gain amplifier and a gain to be next set, and a gain 
setting operation of setting the gain of the variable gain 
amplifier in accordance with the calculation result of the gain 
difference calculating operation. 

in the above gain control device of the present invention , 
the first gain control operation contains a recovery operation 
of retrying the gain control when the gain control falls into 
a state that the gain to the variable gain amplifier cannot 
be converged into a predetermined control width in the first 
gain control operation. 

In the above gain control device of the present invention, 
the number of the gain control cycles in the first gain control 
operation can be set. 
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In the above gain control device of the present invention , 
after the first gain control operation is f inished, the second 
gain control operation is carried out. 

In the above gain control device of the present invention , 
during a period when the second gain control operation is carried 
out, the second gain control operation is switched to the first 
gain control operation on the bas is of a predetermined condition . 

In the above gain control device of the present invention, 
the second gain control operation contains a judging step of 
judging on the basis of detected power whether the first gain 
control step should be executed or not. 

In the above gain control device of the present invention , 
the control gain difference at each gain control in the first 
gain control operation is determined as the difference between 
a gain which has been already set in the variable gain amplifier 
and a gain which is newly set. 

In the above gain control device of the present invention, 
in the first gain control operation, a gain when the output 
of the variable gain amplifier reaches a predetermined target 
value in the previous operation of the gain amplifier is used 
as the gain which is initially set in the variable gain amplifier . 

According to the invention, there is provided a receiver 
equipped with the gain control device. 

Further, according to the invention, there is provided 
a cellular phone equipped with the gain control device. 
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According to the present invention, there can be 
implemented the gain control method in which the control gain 
difference is controlled to be variable in each gain control 
cycle, so that the gain control speed and the gain control 
precision can be set to optimal values. 

According to the present invention, the gain control 
precision is enhanced in connection with the repetition of the 
gain control cycle, and thus there can be implemented the gain 
control method for carrying out the gain control so that the 
gain to the variable gain amplifier is quickly converged into 
a predetermined width. 

According to the present invention, the recovery 
operation is provided, and thus there can be implemented the 
gain control method for preventing that the gain to the variable 
gain amplifier cannot be converged into a predetermined width. 

According to the present invention, the repetition cycle 
of the gain control cycle can be set, and thus there can be 
implemented the gain control method in which the gain control 
speed and the gain control precision can be arbitrarily selected. 

According to the present invention, the gain when the 
output of the variable gain amplifier reaches a predetermined 
target value in the previous operation of the variable gain 
amplifier can be used, and thus there can be implemented the 
higher-speed gain control method when the convergence of the 
gain is limited to a specific range. 
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According to the present invention, even when the second 
gain control step in which the control gain difference of each 
gain control cycle is fixed is carried out, it can be returned 
to the first gain control step in which the control gain 
difference of each gain control cycle is variable, and then 
the gain control is carried out. Therefore, there can be 
implemented the gain control method which can quickly perform 
the gain control when the gain control of a large width is needed 
during the operation of the gain control step in which the control 
gain difference of each gain control cycle is fixed. 

According to the present invention, when the output of 
the variable gain amplifier does not exist within the dynamic 
range of the A/D converter even during the operation of the 
second gain control step in which the gain control difference 
of each gain control cycle is fixed, the second gain control 
step can be returned to the first gain control step in which 
the control gain difference of each gain control cycle is 
variable , and the gain control is carried out . Therefore , there 
can be implemented the gain control method in which a state 
that a demodulator cannot be properly actuated an be quickly 
dissolved. 

According to the present invention, the control gain 
difference is controlled to be variable in each gain control 
cycle, and thus there can be implemented the gain control device 
in which the gain control speed and the gain control precision 
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required to each gain control cycle is optimally set. 

According to the present invention, the gain control 
precision is enhanced in connection with the repetition of the 
gain control cycle, and thus there can be implemented the gain 
control device for carrying out the gain control so that the 
gain to the variable gain amplifier is quickly converged into 
a predetermined width. 

According to the present invention, the recovery 
operation is provided, and thus there can be implemented the 
gain control device which can prevent that the gain to the 
variable gain amplifier cannot be converged into a predetermined 
width. 

According to the present invention, since the repetition 
frequency of the gain control cycle can be set, and thus there 
can be implemented the gain control device in which the gain 
" control speed and the gain control precision can be arbitrarily 
selected. 

According to the present invention, when the gain when 
the output of the variable gain amplifier reaches a predetermined 
target value in the previous operation of the variable gain 
amplifier can be used, and thus there can be implemented the 
higher-speed gain control device when the convergence of the 
gain is limited to a specific range. 

According to the present invention, even during the second 
gain control operation in which the control gain difference 
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of the gain control cycle is fixed is carried out, the second 
gain control operation is returned to the first gain control 
operation in which the control gain difference of each gain 
control cycle is variable, and the gain control is carried out. 
Therefore, there can be implemented the gain control device 
in which the gain control is carried out at high speed when 
gain control having a large width is needed during the gain 
control operation in which the control gain difference of the 
gain control cycle is fixed. 

According to the present invention, when the output of 
the variable gain amplifier does not exist in the dynamic range 
of the A/D converter during the second gain control operation 
in which the control gain difference of the gain control cycle 
is fixed, the second gain control operation is returned to the 
first gain control operation in which the control gain difference 
of each gain control cycle is variable, and then the gain control 
is carried out. Therefore, there can be implemented the gain 
control device in which the state that the demodulator is not 
properly actuated can be dissolved. 

According to the present invention, the control gain 
difference in the gain control cycle is controlled to be variable . 
Therefore, there can be implemented the receiver in which the 
gain control speed and the gain control precision required to 
each gain control cycle is optimally set. 

According to the present invention, the gain control 
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precision is enhanced in connection with the repetition of each 
gain control cycle , and thus there can be implemented the 
receiver for quickly carrying out the gain control so that the 
gain to the variable gain amplifier is converged into a 
predetermined width. 

According to the present invention, the recovery 
operation is provided, and thus there can be implemented the 
receiver which prevents that the gain to the variable gain 
amplifier cannot be converged into a predetermined width. 

According to the present invention, the repetition 
frequency of the gain control cycle can be set, and thus there 
can be implemented the receiver in which the gain control speed 
and the gain control precision can be arbitrarily selected. 

According to the present invention, there can be 
implemented the receiver in which the gain when the output of 
the variable gain amplifier reaches a predetermined target value 
in the previous operation of the variable gain amplifier can 
be used, and thus there can be implemented the higher-speed 
receiver when the convergence of the gain is limited to a 
specific range. 

According to the present invention, even during the second 
gain control operation in which the gain control difference 
of the gain control cycle is fixed, the second gain control 
operation is returned to the first gain control operation in 
which the control gain difference of each gain control cycle 
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is variable , and then the gain control is carried out . Therefore , 
there can be implemented the receiver which can the gain control 
at high speed when the gain control having a large width is 
needed during the gain control operation in which the control 
gain difference of the gain control cycle is fixed. 

According to the present invention, when the output of 
the variable gain amplifier does not exist within the dynamic 
range of the A/D converter even during the second gain control 
operation in which the control gain difference of the gain 
control cycle is fixed, the second gain control operation is 
returned to the first gain control operation in which the control 
gain difference of the gain control cycle is variable, and then 
the gain control is carried out. Therefore, there can by 
implemented the receiver in which the state that the demodulator 
is not properly actuated is quickly dissolved. 

According to the present invention, the control gain 
difference in the gain control cycle is controlled to be variable , 
and thus there can be implemented the cellular phone in which 
the gain control speed and the gain control precision required 
to the gain control cycle can be optimally set. 

According to the present invention, the gain control 
precision is enhanced in connection with the repetition of each 
gain control cycle, and thus there can be implemented the 
cellular phone in which the gain control is carried out so that 
the gain to the variable gain amplifier is quickly converged 
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into a predetermined width. 

According to the present invention, the recovery 
operation is provided, and thus there can be implemented the 
cellular phone in which it can be prevented that the gain to 
the variable gain amplifier cannot be converged into a 
predetermined width. 

According to the present invention, the repetition 
frequency of the gain control cycle can be set, and thus there 
can be implemented the cellular phone in which the gain control 
speed and the gain control precision can be arbitrarily selected . 

According to the present invention, the gain when the 
output of the variable gain amplifier reaches a predetermined 
target value in the previous operation of the variable gain 
amplifier can be used, and thus there can be implemented the 
higher-speed cellular phone when the convergence of the gain 
is limited to a specific range. 

According to the present invention, even during the second 
gain control operation in which the control gain difference 
of the gain control cycle is fixed, the second gain control 
operation is returned to the first gain control operation in 
which the control gain difference of the gain control cycle 
is variable , and then the gain control is carried out . Therefore , 
there can be implemented the cellular phone which carries out 
the gain control at high speed when the gain control of a large 
width is needed during the gain control operation in which the 
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gain difference of the gain control cycle is fixed. 

According to the present invention, when the output of 
the variable gain amplifier does not exist within the dynamic 
range of the A/D converter even during the second gain control 
operation in which the control gain difference of the gain 
control cycle is fixed, the second gain control operation is 
returned to the first gain control operation in which the control 
gain difference of the gain control cycle is variable, and then 
the gain control is carried out. Therefore, there can be 
implemented the cellular phone in which the state that the 
demodulator is not properly actuated can be quickly dissolved. 

Brief Description of the Drawings 

Fig. 1 is a diagram showing a receiver containing a gain 
control device according to an embodiment 1 of the present 
invention. 

Fig. 2 is a flowchart showing the operation of a gain 
controller according to the embodiment 1. 

Fig. 3 is a diagram showing a gain control operation. 

Fig. 4 is a diagram showing a gain control operation. 

Fig. 5 is a diagram showing the construction of a gain 
controller according to an embodiment 2 . 

Fig. 6 is a flowchart showing the operation of the gain 
controller of the embodiment 2 . 

Fig. 7 is a flowchart showing the operation of a gain 
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controller according to an embodiment 4. 

Fig. 8 is a diagram showing the relationship between a 
predetermined frequency N and gain control precision. 

Fig . 9 is a flowchart showing the operation of an embodiment 

5. 

Best Modes for Carrying out the Invention 
Embodiment 1 

Fig. 1 is a diagram showing the construction of a receiver 
of a cellular phone containing a gain control device according 
to an embodiment 1 of the present invention. The receiver 
carries out intermittent reception in accordance with an 
operation of the cellular phone , and an intermiss ion state exists 
between respective reception states. 

First, the construction of an embodiment 1 of the present 
invention will be described with reference to Fig. 1. 

In Fig. 1, reference numeral 1 represents a receiver 
containing a gain control device of the present invention, 
reference numeral 2 represents an antenna for receiving a radio 
signal, reference numeral 3 represents a fixed gain amplifier 
for amplifying a signal received by the antenna 2 at a fixed 
gain, and reference numeral 4 represents a gain control device 
constituting a main part of the invention, which carries out 
gain control on an amplified output signal of the fixed gain 
amplifier 3 and outputs an output signal having desired output 
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power. Reference numeral 5 represents a demodulator , and 
reference numeral 6 represents an A/D converter, and the output 
signal of the gain control device 4 is supplied to the demodulator 
5 through the A/D converter 6, and demodulated there. 

The gain control device 4 is equipped with a variable 
gain amplifier 7 and a gain controller 8 in addition to the 
A/D converter 6. The gain controller 8 has a power measuring 
portion 9, a comparator 10 , a target power generator 11 and 
a gain calculator 12, and it carries out a control cycle at 
a frequency of (N+M) (N, M represents an integer of 1 or more) 
under each reception state which is intermittently repeated, 
thereby carrying out an operation of successively approaching 
detected power Wo to target power Wd. After the detected power 
Wo is approached to the target power Wd, the state that the 
detected power Wo is being approached to the target power Wd 
is kept . 

The power measuring portion 9 is connected to the output 
portion of the A/D converter 6, and receives a signal achieved 
by converting an output signal of the variable gain amplifier 
7 to a digital signal by the A/D converter 6 to measure the 
output power of the output signal of the variable gain amplifier 
7 every control cycle and generate the detected power Wo. A 
target power generator 11 outputs as a digital value the target 
power Wd corresponding to the power value to be controlled. 
The comparator 10 serves as comparing means, and it digitally 
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compares the detected power Wo from the power measuring portion 
9 with the target power Wd from the target power generator 11 
every control cycle and supplies the power difference Wa (Wo 
- Wd) to the gain calculator 12. The gain calculator 12 
comprises a microcomputer, and it carries out a predetermined 
calculation on the basis of the power difference Wa every control 
cycle to generate a gain control voltage Gp and supply it to 
the variable gain amplifier 7. The variable gain amplifier 

7 sets the gain on the basis of the gain control voltage Gp 
every control cycle, and carries out the amplification 
corresponding to the gain thus set. 

Fig. 2 is a flowchart showing the operation of the gain 
controller 8 , and shows the gain control method according to 
the embodiment 1. The operation of the gain controller 8 will 
be described with reference to Fig. 2. The gain controller 

8 executes a first gain control operation API and a subsequent 
second gain control operation AP2 . 

First, the first gain control operation API will be 
described. The first gain control operation API executes the 
gain control cycle at N times (N represents an integer of 1 
or more) . 

First, it is assumed that an initial gainGpO and an initial 
gain difference GvO to the variable gain amplifier 7 are not 
set under an initial state. 

Step S 1 is a step of carrying out an initializing operation , 
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and initially sets the initial gain GpO and the initial gain 
difference GvO to the variable gain amplifier 7. The values 
of the initial gain GpO and the initial gain difference GvO 
are held in the gain calculator 12. The initial gain GpO and 
the initial gain difference GvO may be set to values independent 
on each other, however, in this case, it is assumed that when 
the initial gain GpO is set, the initial gain difference GvO 
can be set by directly us ing the above value . I f it is represented 
by an equation, it could be represented by the following equation 

(1). 

GpO = GvO (1) 

The initialization work can be quickly performed by 
setting the initial gain GpO and the initial gain GvO 
interlockingly with each other. The initial gain GpO is 
assumed to be set to the center value Rm in the dynamic range 
of the variable gain amplifier 7, that is, the input range to 
the variable gain amplifier in which the variable gain amplifier 
7 can be properly actuated. For example, when the variable 
gain amplifier 7 has the dynamic range from 0 (dB) to 100 (dB), 
the initial gain GpO is set to 50 (dB) . As the initial gain 
GpO may be used a gain value when the power Wo output from the 
variable gain amplifier 7 is converged to the target power Wd 
under the previous reception state. By using such a value, 
the gain control can be performed at higher speed when the 
convergence of the gain is limited to a specific range. 
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As shown in the equation (1), the value of the initial 
value GpO is directly used as the initial gain difference GvO . 
For example, in the case of the initial gain GpO = 50dB, the 
initial gain difference GvO is set to 50dB. 

Step S2 is a step of detecting the detected power Wo by 
the power measuring device 9 , and it detects the detection power 
Wo in each control cycle. Under the initial state, the output 
power Wo of the variable gain amplifier which corresponds to 
the initial gain GpO set in the initializing operation of the 
step SI is detected . When another gain is set in a step described 
later, the output power Wo of the variable gain amplifier 7 
which corresponds to the gain thus set is detected. 

Step S3 is a step of carrying out a comparing operation, 
and the power difference Wa between the detected power Wo 
measured in step S2 and the target power Wd output from the 
target power generator 11 is calculated by the comparator 10. 
The equation used in this case is represented by the following 
equation ( 2 ) . 

Wa = Wo - Wd (2) 

Step S4 is a step concerning a judgment operation, and 
it is judged whether the absolute value of the power difference 
Wa calculated by the comparator 10 in step S3 is equal to , smaller 
than or larger than a threshold value Wp (threshold value Wp 
is assumed to be a positive number) . When the absolute value 
of the difference Wa calculated by the comparator 10 is equal 
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to or smaller than the threshold value Wp, the detected power 
Wo exists in the area between the first lower limit value Lminl 
and the first upper limit value Lmaxl (hereinafter referred 
to as first area), and thus this state will be hereinafter 
referred to as "in-first-area state") . Furthermore, when the 
absolute value of the power difference Wa calculated by the 
comparator 10 is larger than the threshold value Wp, the detected 
power Wo does not exist in the first area, and thus this state 
will be hereinafter referred to as "out-of -first-area state" ) . 
When this is represented by equations, the following equations 
(3) and (4) are provided: 

For | Wa | <;Wp , 

Lminl«sWo<sLmaxl 

(in-first-area state) (3) 

For |Wa| > Wp, 

Wo < Lminl, Wo > Lmaxl 

(out-of-f irst-area state) (4) 

In step S4 , in the case of the "out-of-f irst-area state" , 
it is judged whether the present state is a state where the 
power difference Wa is a positive value or a state where it 
is negative value. Here, under the state that the power 
difference Wa is a positive value in the case of the 
"out-of-f irst-area state" , the power difference Wa exceeds the 
first upper limit value Lmaxl, and thus this state will be 
hereinafter referred to as "first-upper-limit over state". 
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Under the state that the power difference Wa is a negative value 
in the case of the out-of-f irst-area state, the power difference 
Wa is further smaller than the first lower limit value Lminl , 
and thus this state will be hereinafter referred to as 
"first-lower-limit over state". 

When the subtraction of the equation (2) is inversely 
taken and the equation thus achieved is used as the following 
equation (5) in the comparator 10, the state that the power 
difference Wa is a positive value in the case of the 
"out-of-f irst-area state" may be referred to as 
"first-lower-limit over state", and the state that the power 
difference Wa is a negative value in the case of the 
"out-of-f irst-area state" may be referred to as 
"first-upper-limit over state". 

Wa = Wd - Wo (5) 

Step S5 corresponds to a gain difference calculating 
operation started when the judgment result in the judgment step 
S4 is the "out-of-f irst-area state". In the gain difference 
calculating operation of the step S5, a gain difference Gvn 
which is set at present is calculated in the variable gain 
amplifier 7. Specifically, as shown in the equation (6) , when 
the previously set gain difference is represented by Gvn-1, 
the gain difference Gvn which is set at present is calculated 
as the absolute value of a half value of the gain difference 
Gvn-1. For example, when the presently set gain difference 
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Gvn is a gain difference calculated subsequently to the initial 
gain difference GvO , the gain difference Gvn is equal to the 
absolute value of a half value of the initial gain difference 
GvO. 

Gvn = |(l/2)Gvn-l| (n*0) (6) 

Step S6 is a step for a gain setting operation started 
after the gain difference Gvn is calculated through the gain 
difference calculating operation in step S5. 

In this step S6, it is first determined whether the gain 
difference Gvn calculated in the gain difference calculating 
operation of the step S5 is a positive value or negative value. 
The result of the judgment operation of the step S4 is used 
for this determination, and if the power difference Wa is 
positive, the gain difference Gvn is set to a negative value 
because the state is "first-upper-limit over state''. If the 
power difference Wa is negative, the gain difference Gvn is 
set to a positive value because the state is "first-lower-limit 
over state" . 

Subsequently, the gain Gpn which is set at present is 
calculated in the variable gain amplifier 7 by using the gain 
difference Gvn whose sign is settled, and the calculation result 
is set in the variable gain amplifier 7 . As shown in the following 
equations (8) (10), the gain Gpn set at present is calculated 
by adding the gain Gpn-1 set previously in the variable gain 
amplifier 7 with the gain difference Gpn whose sign is settled. 
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The presently set gain Gvn is calculated by the equation (8) 
under the " first-upper-limit over state" in which the power 
difference Wa is positive, or by the equation (10) under the 
"first-lower-limit over state" in which the power difference 
Wa is negative. The initial gain difference GpO is set to the 
center value Rm of the dynamic range of the variable gain 
amplifier 7 as shown in the equation (9). 

In the case of "first-upper-limit over state" (Wa>0), 
Gpn = Gpn-1 - Gvn (n represents a natural number) (8) 
GpO = Rm (9) 

In the case of "first-lower-limit over state" (Wa<0), 
Gpn = Gpn-1 + Gvn (n represents a natural number) ( 10 ) 
GpO = Rm (9) 

Step S7 is a step for an ending operation started when 
the judgment result of step S4 indicates " in-first-areas state" . 
When the step S7 of the ending operation is started, the first 
gain control operation API is finished. 

The first gain control operation API executes the gain 
control cycle at N times (N is equal to zero or represents an 
integer of 1 or more ) . If the initial gain GpO which is initially 
set in the first step SI exists within the control width of 
the first gain control operation API, the first gain control 
operation API immediately goes from step S4 to step S7 without 
executing the gain setting operation of the steps S5, S6 in 
the first gain control cycle, and then finishes the operation. 
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However, such a case occurs extremely rarely. In general, the 
gain control cycle is repeated at two or more times until the 
detected power Wo is converged into the control width of the 
target power Wd based on the first gain control operation API . 
If the detected power Wo is converged into the control width 
of the target power Wd in the first gain control cycle, the 
gain control cycle of the first gain control operation is 
finished at the second time. However, if the detected power 
Wo is not converged into the control width of the target power 
Wd by the first gain control, the second gain control cycle 
is executed, and the gain control cycle is likewise repetitively 
executed in the first gain control operation API until the 
detected power Wo is converged into the control width of the 
target power Wd. 

If the first gain control operation API is finished, the 
second gain control operation AP2 is started. The second gain 
control operation AP2 is an operation of further approaching 
the detected power Wo to the target power Wd by the control 
cycle of M times (M represents an integer of 1 or more) using 
a fixed gain difference Gvc. 

With respect to the second gain control operation AP2 , 
step S8 is a step for executing a detection operation. When 
the second gain control operation AP2 is started, this step 
is first started, and the output power from the variable gain 
amplifier 7 is newly measured by the power measuring device 
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9, thereby outputting the detected power Wo. 

Step S9 is a step for executing a comparing operation. 
The detected power Wo is newly compared with predetermined target 
power Wd by the comparator 10, and the power difference Wa (Wo-Wd) 
thereof is calculated. 

Step S 10 is a step of executing a judgment operation, 
and it is judged whether the absolute value of the power 
difference Wa calculated in the comparator 10 is larger than 
a threshold value Wq. Under the state that the absolute value 
of the power difference Wa calculated in the comparator 10 is 
equal to or smaller than the threshold value Wq, the detected 
power Wo exists in a second area from the second lower limit 
value Lmin2 to the second upper limit Lmax2, and thus this state 
will be hereinafter referred to as ''in-second-area state". 
Under the state that the absolute value of the power difference 
Wa calculated in the comparator is larger than Wq, the detected 
power Wo does not exist in the second area, and thus this state 
will be hereinafter referred to as "out-of -second-area state" . 
The threshold value Wq used in this step S10 is set to a smaller 
value as compared with the threshold value Wp used in the judgment 
operation of the step S4 . If the judgment operation of the 
step S10 is represented by equations, the following equations 
(11) (12) are provided. 

For | Wa | «sWq , 

Lmin 2 <sWo <sLmax 2 
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(in-second-area state) (11) 
For |Wa| > Wq, 
Wo < Lmin2, Wo > Lmax2 

(out-of -second-area state) (12) 

here, Wq < Wp 

Step SI 1 is a step of executing a gain setting operation. 
This step is started when the judgment result in the judgment 
operation of step S10 is the "out-of-second-area state" , and 
sets a new gain Gpn in the variable gain amplifier 7 at present. 
In the gain setting operation of the step Sll , when the previous 
gain set in the variable gain amplifier 7 is represented by 
Gpn-1, the gain Gpn-1 is added with a fixed gain difference 
Gvc (Gvc is not a negative number). However, a positive or 
negative sign is added to the fixed gain difference Gvc to be 
added as follows. That is, as in the case of the judgment 
operation of step S4, when "second-upper-limit over state" is 
judged in the judgment operation of the step S8, the negative 
sign is applied to the fixed gain difference Gvc. On the other 
hand, when "second-lower-limit over state" is judged, the 
positive sign is applied. The positive or negative sign is 
added to thereby calculate the presently-set gain Gpn. If it 
is represented by equations, the following equations (13) (14) 
are provided. 

In the case of "second-upper-limit state", 

Gpn =Gpn-l - | Gvc | (13) 
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in the case of "second-lower-limit state", 
Gpn = Gpn-1 + |Gvc| (14) 

The second gain control operation AP2 executes the control 
cycle of M times (M represent an integer of 1 or more). When 
the final gain set value by the first gain control operation 
API is within the control width of the target power Wd by the 
second gain control operation AP2 , the processing goes to step 
S12. The second gain control operation AP2 returns to step 
S8 without executing the gain control operation of step Sll 
in the first control cycle , and the second gain control operation 
AP2 repeats the control cycle thereof. However, such a case 
occurs extremely rarely. In many cases, the final gain set 
value by the first gain control operation API is out of the 
control width of the target power Wd by the second gain control 
operation AP2, so that the gain is set in step Sll and then 
the detection operation S8 is carried out. 

The receiver 1 continues to execute the operation of the 

steps S8 to S12 insofar as it receives signals. 

Subsequently, the first gain control operation API and 

the second gain control operation AP2 shown in Fig. 2 will be 

described. 

First, the first gain control operation API will be 
described with reference to Fig. 3. In Fig. 3, the first gain 
control operation API repeats the gain control cycle at four 
times . 
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Fig . 3 is a diagram showing the first gain control operation 
with specific gain values. 

An example of Fig. 3 is based on the assumption that the 
target power Wd is equal to 20 (dB) and the first gain control 
operation API repeats the gain control cycle until the detected 
power Wo is converged into the control width of 2 0±3(dB). 
Accordingly, it is assumed that if the gain set in the variable 
gain amplifier 7 is within 20±3(dB), the power Wo output from 
the variable gain amplifying 7 would be within the first area. 
With respect to the gain, two or subsequent places after the 
decimal point are rounded off. 
<First control cycle (1)> 

When the initial gain GpO is initially set to 50 (dB), 
the initial gain difference GvO is initially set to 50 (dB) from 
the equation (1) (step SI) . Here, the variable gain amplifier 
7 outputs power on the basis of the initially set initial gain 
GpO . The power Wo thus output is measured by the power measuring 
device 9 (step S2 ) , and the power difference Wa between the 
detected power Wo and the target power Wd generated from the 
target power generator 1 1 is calculated ( step S3) . It is as sumed 
that | Wa | is larger than the threshold value Wp and Wo is larger 
than Wp. in this case, "out-of-f irst-area state" is judged 
in the judgment operation of step S4 , and thus the gain difference 
calculating operation of step S5 is started. In this case, 
the "first-upper-limit over state" is judged in step S4. In 
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the gain difference calculating operation of step S5 , the gain 
difference Gvl = 25 (dB) is calculated from the equation (6) 
and the previous gain value GvO=50(dB) . Thereafter, the gain 
setting operation of the step S6 is started, the gain Gpl=25(dB) 
is calculated from the equation (8), and the gain Gpl=25(dB) 
is set in the variable gain amplifier 7. 
<Second gain cycle> 

The detection power Wo is likewise detected in connection 
with the variable gain amplifier 7 in which the gain Gpl=25(dB) 
is set (step S2), the detected power Wo is compared with the 
target power Wd (step S3), and the judgment operation of the 
step S4 is started on the basis of the comparison result. In 
the judgment of the step S4, when the gain Gpl is set in the 
variable gain amplifier 7, "out-of-f irst-area state" is judged 
from the above assumption. Furthermore, since 

" first-upper-limit over state" is also judged, the gain 
dif f erencecalculatingoperationof thestepS5 is started again , 
and the gain difference Gv2=12.5(dB) is calculated from the 
equation (6) and Gvl. Subsequently, in step S6, the gain 
Gp2=12.5(dB) is calculated from the calculation result of the 
step S5 and the equation (8), and the gain Gp2 thereof is set 
in the variable gain amplifier 7. 
<Third control cycle (3)> 

The output signal power Wo of the variable gain amplifier 
7 in which the gain Gpl=12.5(dB) is set is likewise measured, 
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and the detected power Wo is output (step S2). The detected 
power wo and the target power Wd are compared with each other 
(step S3) , and the judgment operation of the step S4 is carried 
out from the comparison result. In this judgment operation, 
the detected power Wo of the variable gain amplifier 7 in which 
the gain Gp2 is set is judged as "out-of-f irst-area state" from 
the above assumption, and also "first-lower-limit over state" 
is judged. Accordingly, the gain difference calculating 
operation of the step S5 is re-started, and the gain difference 
Gv3=6.3(dB) is calculated from the equation (6) and Gv2 . In 
the step S6, the gain Gp3=18.8(dB) is calculated from the 
calculation result of the step S5 and the equation (10), and 
thus the gain Gp3 is set in the variable gain amplifier 7. 
<Fourth control cycle (4)> 

The power Wo from the variable gain amplifier 7 in which 
the gain Gp3=18.8(dB) is set is likewise measured (step S2), 
the detected power Wo is compared with the target power Wd ( step 
S3), and the judgment operation of the step S4 is started on 
the bas is of the comparison result . In this judgment operation , 
"in-first-area state" is judged from the above as sumption. When 
"in-first-area state" is judged, the gain control of the steps 
S5, S6 is not executed, the ending operation of the step S7 
is carried out, the first gain control operation API is finished, 
and the second gain control operation AP2 is started. 

Next , the second gain control operation will be described . 
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The second gain control operation AP2 is operated so that the 
output power Wo of the variable gain amplifier 7 is approached 
to the target power with higher precision as compared with the 
first gain control operation API . 

Fig. 4 is a diagram showing the second gain control 
operation AP2 with specific numerical values of the gain. Fig . 
4 shows an example in which the gain control cycle is repetitively 
executed in the second gain control operation AP2 . 
<First control cycle (1)> 

As a specific assumption of the second control operation 
AP2 , the control is carried out so that the detected power Wo 

is converged into the control width of 2 0±0.5(dB) with respect 
to the target power 2 0 (dB). Accordingly, if the gain set in 
the variable gain amplifier 7 is within 20±0.5(dB) , the signal 
power Wo output from the variable gain amplifier 7 would be 
judged to be within the second area. 

By the fourth control cycle (4) of the first gain control 
operation API shown in Fig. 3 , the gain Gp3 is set to 18 . 8 (dB) , 
and when the second gain control operation AP2 is started, the 
signal power Wo of the variable gain amplifier 7 is measured 
on the basis of the gain Gp3 thus set by the power measuring 
device 9 (step S8), and the power difference Wa between the 
detected power Wo and the target power Wd generated from the 
target power generator 11 is calculated ( step S9 ) . It is assumed 
that |Wa| is larger than the threshold value Wq and Wo is larger 
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than Wq. In this case, "out-of -second-area state" is judged 
in the judgment operation of the step S10 , and thus the gain 
setting operation of the step Sll is started • Furthermore, 
in this case, "second-lower-limit state" is judged. Here, when 
the fixed gain difference Gvc is equal to 0.5(dB), the gain 
Gp4 which is set in the variable gain amplifier 7 at present 
is equal to 19.3 (dB) from the equation (14) and the gain Gp3 
set previously in the variable gain amplifier 7 . 
<Second control cycle (2)> 

The variable gain amplifier 7 in which the gain 
Gp4 = 19.3(dB) is set is likewise subjected to the gain control, 
and thus Gp5 is equal to 19.8dB. 
<Third control cycle (3)> 

The output signal power Wo of the variable gain amplifier 
7 in which the gain Gp5=19 . 8 (dB) is set is judged as being under 
the "in-second-area state" in the judgment operation of the 
step S8. In this case, the operation returns to the detecting 
operation without carrying out the gain control of the step 
Sll. 

<Fourth control cycle (4)> 

The output signal power Wo of the variable gain amplifier 
7 in which the gain Gp5=19.8(dB) is set in the third control 
cycle (3) is judged as being under the "in-second-area state" 
in the judgment operation of the step S8 , and thus no gain setting 
is carried out. 
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Accordingly , the gain set in the variable gain amplifier 
7 in the fourth control cycle satisfies Gp6=19 . 8 ( dB ) . 
<Fifth control cycle (5) and subsequent cycles> 

If the reception state of the receiver 1 is not varied, 
the power Wo of the signal output from the variable gain amplifier 
7 in the fourth control cycle (4) would be judged as being under 
the ''in-second-area state" in the judgment operation of the 
step S8 by setting the gain Gp6=19.8 in the variable gain 
amplifier 7. However, if the reception state of the receiver 
is varied, the power Wo of the signal output from the variable 
gain amplifier 7 would be varied. Accordingly, even when the 
set gain of the variable gain amplifier 7 satisfies Gp6=l 9 . 8 ( dB ) , 
there may occur a case where the output signal power Wo of the 
variable gain amplifier 7 is not under the " in-second-area state" . 
Therefore, in a case where the power Wo of the signal output 
from the variable gain amplifier 7 is subsequently set to the 
"out-of-second-area state", the set gain is increased when 
the power Wo is under the "second-lower-limit over state" . In 
a case where the power Wo of the signal output from the variable 
gain amplifier 7 is under the out-of-second state", the set 
gain is reduced when the power Wo is under the 
"second-upper-limit over state". 

According to the embodiment 1 described above, the gain 
is controlled by the first gain control operation API while 
the gain difference of each control cycle being variable. 



38 



Therefore, there can be implemented a gain control method in 
which the gain control speed and the gain control precision 
required to each control cycle are optimally set. 

Furthermore, the gain control precision is enhanced in 
connection with the repetition of the control cycle in the first 
gain control operation API, and thus there is implemented a 
gain control method for carrying out gain control at high speed 
so that the gain to the variable gain amplifier 7 is converged 
into a predetermined width. 

The value of the gain when the power Wo output from the 
variable gain amplifier 7 is converged to the target power Wd 
at the previous intermittent reception time can be set to the 
value of the initial gain GpO . Therefore, there is implemented 
a gain control method for carrying out the gain control on the 
variable gain amplifier 7 at high speed when the reception level 
is little varied. 

Furthermore, there are provided the gain control 
operation API in which the gain difference in each control cycle 
is variable, and the gain control operation AP2 which operates 
after the gain control operation API and in which the gain 
difference in each control cycle is fixed, so that there is 
implemented a gain control method for carrying out the gain 
control at high speed with fixed gain precision. 

Furthermore, the gain is controlled with the gain 
difference of each control cycle being variable by the first 
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gain control operation API, and thus there can be implemented 
a gain control device in which the gain control speed and the 
gain control precision required to each control cycle are 
optimally set , or a cellular phone having the gain control device 
described above. 

The gain control precision is enhanced in connection with 
the repetition of the control cycle in the first gain control 
operation API, and thus there are implemented a gain control 
device for carrying out the gain control at high speed so that 
the gain to the variable gain amplifying 7 is converged into 
a predetermined width, and a receiver and a cellular phone which 
are equipped with the gain control device. 

Furthermore , the value of the gain when the power Wo output 
from the variable gain amplifier 7 is converged to the target 
power Wd at the previous intermittent reception time can be 
set as the value of the initial value GpO. Therefore, there 
are implemented a gain control device for carrying the gain 
control on the variable gain amplifier 7 at high speed when 
the variation of the reception level is little, and a receiver 
and a cellular phone which are equipped with the gain control 
device described above. 

Furthermore, there are provided the gain control 
operation API in which the gain difference in each control cycle 
is variable, and the gain control operation AP2 which is 
subsequent to the gain control operation API and in which the 
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gain difference in each control cycle is fixed, and thus there 
are implemented a gain control device for carrying out the gain 
control at high speed and with fixed gain precision, and a 
receiver and a cellular phone which are provided with the gain 
control device described above. 
Embodiment 2 

A gain control device and a gain control method which 
are used in a cellular phone of the embodiment 2 will be described . 
A receiver 20 which is improved as compared with the embodiment 
1 as shown in Fig. 5 is used in the embodiment 2. The receiver 

20 has a gain control device 21, and the gain control device 

21 has a gain controller 22. The gain controller 22 has a supply 
loop of measured power Wo from the power measuring device 9 
to the gain calculator 23 as compared with the gain controller 
8 of Fig. 1. In the embodiment 2, a step S2 0 for executing 
a judgment operation is newly added between the steps S8 and 
S9 of the second gain control operation AP2 in the operation 
flowchart shown in Fig. 6. A control loop which is returned 
from the step S2 0 to the step S3 of the first gain control operation 
API is added. The other construction is the same as the 
embodiment 1. The same elements are represented by the same 
reference numerals, and the description thereof is omitted. 

Step S20 is a step of judging whether the power Wo measured 
by the power measuring device 9 is within a predetermined range. 
The predetermined range described above is the " first area range" 
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described in the embodiment 1 . When it is judged in the judgment 
step S2 0 that the measured power Wo is within the first area 
range, the measured power Wo is estimated to approach to the 
target power Wd to the extent that the second gain control 
operation AP2 is carried out. Thereafter, the variable gain 
amplifier 7 is controlled by the second gain control operation 
AP2. 

When it is judged in the judgment step S2 0 that the measured 
power Wo is not within the first area, the measured power Wo 
is estimated not to approach to the target power Wd to the extent 
that the second gain control operation AP2 is carried out, and 
the processing returns from step S2 0 to step S3 to control the 
measured power Wo by the first gain control operation API . The 
other operations are the same as the embodiment 1, and thus 
the description thereof is omitted. 

In the embodiment 2 described above, it is possible to 
perform not only the shift from the first gain control operation 
API to the second gain control operation AP2 described in the 
embodiment 1, but also the return from the second gain control 
operation AP2 to the first gain control operation API by the 
step S20. 

Accordingly, when fading, shadowing and other rapid 
variation of reception level occur while the variable gain 
amplifier 7 is controlled by the second gain control operation 
AP2 and thus it is required to greatly correct the gain set 
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in the variable gain amplifier 7, the variable gain amplifier 
7 can be subjected to the gain control again by the first gain 
control operation API. 

When the gain control is not quickly carried out on the 
variable gain amplifier 7 , the follow-up performance to an input 
signal in the variable gain amplifier 7 is lost, and thus a 
distorted reception signal is output from the variable gain 
amplifier 7. Therefore, a distorted reception signal may be 
output from the gain control device 21. 

Accordingly, when the gain control is carried out on the 
variable gain amplifier 7 at high speed, distortion output from 
the variable gain amplifier 7 is reduced. 

According to the embodiment 2, even when the second gain 
control operation AP2 is operating, the operation can be returned 
to the first gain control operation API to carry out the gain 
control operation. Therefore, there can be implemented a gain 
control method in which the gain control can be carried out 
on the variable gain amplifier 7 at high speed, and distortion 
output from the variable gain amplifier 7 is little even when 
fading, shadowing and other rapid variation of reception level 
occur while the second gain control operation is carried out. 

Furthermore, even when the second gain control operation 
AP2 is being carried out, the operation can be returned to the 
first gain control operation API to carry out the gain control 
operation . Therefore , there can be implemented a gain control 
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method in which the gain control can be carried out on the variable 
gain amplifier 7 at high speed and distortion output from the 
variable gain amplifier 7 is little even when fading, shadowing 
and other rapid variation of reception level occur while the 
second gain control operation is carried out, and a receiver 
and a cellular phone which are provided with the gain control 
device. 
Embodiment 3 

A gain control device used in a cellular phone according 
to an embodiment 3 will be described. 

The construction of the gain control device 21 is the 
same as the embodiment 2, and thus the description thereof is 
omitted . 

The gain control operation and the gain control method 
of the gain control device 21 according to the embodiment 3 
will be described with reference to Fig. 6. 

In the operation of the gain control device 21 according 
to the embodiment 3, the predetermined range of the judgment 
step S2 0 is set to the dynamic range of the A/D converter 6. 
The other operations are the same as the embodiment 2, and the 
description thereof is omitted. 

It is assumed that the upper limit of the dynamic range 
of the A/D converter 6 is set to be above the upper limit of 
the " first area" described in the embodiment 1 . When the power 
Wo which is not within the dynamic range of the A/D converter 
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6 is input to the A/D converter 6, the A/D converter 6 does 
not properly operate, and thus proper demodulation cannot be 
performed in the demodulator 5 to which a signal output from 
the A/D converter 6 is input. Furthermore, the value of the 
power Wo measured in the power measuring device 9 to which a 
signal output from the A/D converter 6 is input is not proper. 

Accordingly, there may occur such a case that the value 
of the measured power Wo is judged as being within the "first 
area" although the signal output from the A/D converter 6 
actually has a value over the upper limit of the "first area" . 
In such a case, if the power Wo is judged to be within the "first 
area", the gain of . the variable gain amplifier is controlled 
by the second gain control operation AP2, so that much time 
is needed to execute the gain control. 

Furthermore, the demodulator 5 does not properly operate 
while no proper power is input from the A/D converter 6 to the 
demodulator 5 . 

Accordingly, when the power Wo output from the variable 
gain amplifier 7 is over the dynamic range of the A/D converter, 
the state that the demodulator 5 does not properly operate is 
continued. 

Therefore, according to the embodiment 3, when the power 
Wo output from the variable gain amplifier 7 gets out of the 
dynamic range of the A/D converter 6 during the period when 
the gain control is carried out on the variable gain amplifier 
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7 by the second gain control operation AP2, the gain difference 
is made variable by the first gain control operation API, and 
the variable gain amplifier 7 is subjected to the gain control, 
thereby quickly eliminating the state that the demodulator 5 
does not properly operate. 

Furthermore , the demodulator 5 quickly operates properly , 
so that the follow-up to an input signal is enhanced, and the 
distortion of the signal output from the demodulator 5 is 
suppressed. 

According to the embodiment 3, there can be implemented 
a gain control method in which when the power Wo output from 
the variable gain amplifier 7 gets out of the dynamic range 
of the A/D converter 6 during the period when the gain control 
is carried out on the variable gain amplifier 7 by the second 
gain control operation AP2, and the variable gain amplifier 
7 is subjected to the gain control, thereby quickly eliminating 
the state that the demodulator 5 does not properly operate. 

Furthermore, there can be implemented a gain control 
method in which the demodulator 5 quickly operates properly, 
so that the follow-up to an input signal is enhanced, and the 
distortion of the signal output from the demodulator 5 is 
suppressed. 

Still furthermore, there can be implemented a gain control 
device in which when the power Wo output from the variable gain 
amplifier 7 gets out of the dynamic range of the A/D converter 
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6 during the period when the gain control is carried out on 
the variable gain amplifier 7 by the second gain control 
operation AP2 , the variable gain amplifier 7 is subjected to 
the gain control by the first gain control operation API , thereby 
quickly eliminating the state that the demodulator 5 does not 
properly operate, and a receiver and a cellular phone which 
are provided with the gain control device described above. 

Furthermore, there can be also implemented a gain control 
device in which the demodulator 5 quickly operates properly, 
so that the follow-up to an input signal is enhanced, and the 
distortion of the signal output from the demodulator 5 is 
suppressed, and also a receiver and a cellular phone which are 
provided with the gain control device described above. 
Embodiment 4 

A gain control device used in a cellular phone according 
to an embodiment 4 will be described. 

The construction of the gain control device 21 according 
to an embodiment 4 is the same as the embodiment 2, and thus 
the description thereof is omitted. 

The gain control operation and the gain control method 
of the gain control device 21 according to the embodiment 4 
will be described with reference to Fig . 7 . Fig . 7 is a flowchart 
showing the gain control operation and the gain control method 
of the gain control device according to the embodiment 4. 

Step S3 0 is a step of executing a judgment in the first 
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gain control operation API. Unlike the judgment step S4 used 
in any of the embodiments 1 to3, the ending step S7 is started 
even when the repetitive execution frequency N of the first 
gain control operation API reaches a predetermined frequency 
Np. 

The relationship between the frequency N of the control 
cycle repeated in the gain control operation API and the gain 
control precision will be described with reference to Fig. 8. 

The upper stage of Fig. 8 shows the relationship between 
the repetitive frequency N of the gain control cycle and the 
gain control precision, and the lower stage of Fig. 8 shows 
an example of a. time needed to set the gain in the next gain 
control cycle when the control cycle of the first gain control 
operation API is once carried out. In Fig. 8, the time needed 
to set the gain in the next gain control cycle needs 3 84 chips 
as a power integrating time and 512 chips as a calculating and 
setting time. 

As shown in the lower stage of Fig. 8, when it is required 
that the first gain control operation API is finished by 1 slot 
(2560 chips), the control cycle of the first gain control 
operation can be repeated five times at maximum. 

As shown in the upper stage of Fig. 8, when the repetitive 
frequency of the control cycle of the first gain control 
operation API is four , it can be carried out with the gain control 
precision range of ±3dB. When the repetitive frequency of the 
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gain control cycle is five, it can be carried out with the gain 
control precision range of ±1.5dB. 

As described above, a worker can select the control 
precision and the control frequency in the first gain control 
operation API in accordance with an application. 

The following is examples of this selection. When the 
precision of the second gain control operation AP2 is not so 
high, the worker sets the precision of the first gain control 
operation API so that the precision is not so high . Furthermore , 
the worker selects a low frequency Np so that the first gain 
control operation API is rapidly finished. 

When the precision of the second gain control operation 
AP2 is high, the precision of the first gain control operation 
API is also enhanced, and Np is set to a large number so that 
the gain control is carried out excellently enough to execute 
the second gain control operation AP2 when the second gain 
control operation AP2 is started. 

As described above, by changing Np, the precision or the 
speed required to the first gain control operation API can be 
switched. 

Furthermore, at the power-on time or the frequency 
switching time or when there is no information on reception 
signal level, the predetermined frequency Np is set to a small 
value. By setting as described above, as the gain control cycle 
of the second gain control operation AP2 is executed, the first 
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gain control is actually prevented from being unnecessarily 
repeated although the gain control is executed. Furthermore, 
when, the reception level varies greatly and the second gain 
control operation AP2 is shifted to the first gain control 
operation API , the predetermined frequency Np is set to a large 
value. According to the setting described above, the gain 
control can be executed surely to the extent that the control 
cycle of the second gain control operation AP2 is executed, 
and the time for which the control cycle is operated under the 
"out-of-f irst-area" can be stably reduced. 

According to the embodiment 4 , the gain control precision 
and the gain control frequency of the first gain control device 
can be arbitrarily selected, and thus an optimal gain control 
methodmeeting to various kinds of conditions can be implemented . 

Furthermore, the gain control precision and the gain 
control frequency of the first gain control device can be 
arbitrarily selected. Therefore, an optimal gain control 
device meting to various kinds of conditions can be implemented , 
and also a receiver and a cellular phone which are provided 
with the gain control device described above can be implemented. 
Embodiment 5 

A gain control device of a cellular phone according to 
an embodiment 5 will be described. 

The construction of the embodiment 5 is the same as the 
embodiment 4 , etc . , and thus the description thereof is omitted . 
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The gain control operation and the gain control method 
according to the embodiment 5 will be described with reference 
to Fig. 9. The operation of the gain control device and the 
cellular phone according to the embodiment 5 is difference from 
the embodiment 4 , etc . in that there is provided a recovery- 
operation RC for controlling the gain variable amplifier 4 so 
as to converge the output Wo of the gain variable amplifier 
7 to the target power Wd when the output Wo of the gain variable 
amplifier 7 is fixed and it cannot be converged into the target 
power Wd. 

In step S40, it is judged whether the control cycle of 
the first gain control operation API is carried out once or 
more. When the first control cycle is carried out in the first 
gain control operation API, it is judged that the frequency 
at which the control cycle of the first gain control operation 
API is carried out is equal to zero, and thus the comparison 
of the comparator 10 is carried out (S3). When the control 
cycle of the first gain control operation API has been carried 
out once or more, the judgment step S41 is carried out. 

In step S41, it is judged whether the value of the 
previously set gain difference Gvn-1 is a negative value (A) 
or positive value (B) . When the value of the previously set 
gain difference Gvn-1 is equal to a negative value ( A) , a judgment 
step S42 described later is started. On the other hand, when 
the value of the previously set gain difference Gvn-1 is equal 
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to a positive value (B), a judgment step S43 described later 
is started. 

In the judgment step S4 2 , it is judged whether the presently 
measured power Won is smaller than the previously measured power 
Won-1. If the previously set gain difference is equal to a 
negative value (A) , the presently measured power Won would be 
smaller than the previously measured power Won-1. 

Accordingly, if it is judged in the judgment step S4 2 
that the power Won output from the present A/D converter 6 is 
smaller than the previously measured power Won-1 , the comparing 
step S3 is carried out. 

On the other hand, if it is judged in the judgment step 
S42 that the present power Won output from the A/D converter 
6 is larger than the previously measured power Wo-1, the power 
Wo thus measured is incorrect. Therefore, a gain difference 
calculating step S44 is started, and then the gain is set in 
the variable gain control device 7. 

It is judged in the judgment step S43 whether the presently 
measured power Won is larger than the previously measured power 
Won-1. If the previously set gain difference is equal to a 
positive value (B) , the presently measured power won would be 
larger than the previously measured power Won-1. 

Accordingly, if it is judged in the judgment step S4 3 
that the power Won output from the A/D converter at present 
is larger than the previously measured power Won-1 , the comparing 
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step S3 is carried out. 

On the other hand, if it is judged in the judgment step 
S43 that the power Won output from the A/D converter 6 at present 
is smaller than the previously measured power Won-1, the power 
Wo thus measured is incorrect. Therefore, the gain difference 
calculating step S44 is started, and then the gain is set in 
the variable gain control device 7. 

Step S44 is a gain difference calculating step used in 
the embodiment 5 , and it is different from the embodiment 4 , 
etc . in that when an instruction is output to execute the previous 
gain difference calculating operation again in the judgment 
step S42 or the judgment step S43, the gain difference 
calculating operation is carried out again. 

When an error is found in the embodiment 5, the previous 
gain difference calculating operation is executed again by 
executing the gain difference calculating step S44. However, 
the gain control device may be designed so that the gain control 
is retried from the start by executing the initializing step 
SI when an error is found. 

According to the gain control device 4 or 21 of any one 
of the embodiments 1 to 4, for example when the sign of the 
gain difference is set to positive, the measured power is output 
in the same manner as the case where the sign of the gain difference 
is set to negative because of various kinds of factors, the 
subsequent operation carries out the gain control on the basis 
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of the erroneous operation concerned, so that it is difficult 
to converge the power Wo output from the variable gain amplifier 
7 to the target power Wd. 

A specific example will be described with reference to 
Fig. 3. 

In the first control cycle (1), the gain set to 50 (dB) 
is set to 25(dB) because 25(dB) is subtracted from 50(dB). At 
this time, when 25 (dB) is erroneously added to 50 (dB) for an 
unexpected reason or the like, the gain of 75 (dB) is output. 
Subsequently, the first control cycle is repeated, and the gain 
difference in the first gain control cycle (2) is equal to 
12.5(dB) . Therefore, the gain in the first gain control cycle 
(2) is equal to 62.5(dB). Likewise, the gain difference in 
the first gain control cycle ( 3 ) is equal to 6.3, and the gain 
in the first gain control cycle (3) is equal to 56.2 (dB). 
Accordingly, the gain difference is gradually reduced although 
the target power Wd and the output power are far away from each 
other. Therefore, much time is needed until the measured power 
Wo is made equal to the target power Wd. 

However, according to the operation like the embodiment 
5, even when there is achieved such a result that the measured 
power is different in sign from an estimated gain difference, 
the error concerned can be detected, and thus the power Wo output 
from the variable gain amplifier 7 is liable to be converged 
to the target power Wd. 
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Furthermore, according to the operation like the 
embodiment 5, even when the sign of the gain difference is once 
incorrect, the error concerned can be detected, and also the 
gain control may merely carried out from the gain difference 
calculation operation which has been carried out just before. 
Therefore, the high-speed gain control is not deteriorated. 

According to the embodiment 5 , even when there is achieved 
such a result that the measured power Wo is different in sign 
from an estimated gain difference, the error can be detected, 
and thus the gain control on the variable gain amplifier 7 can 
be retried. Accordingly, there can be implemented a gain 
control method which can prevent that the power Wo output from 
the variable gain amplifier 7 is not converged to the target 
power Wd. 

Furthermore, the retry of the gain control on the variable 
gain amplifier 7 is carried out by merely carrying out the gain 
control from the gain difference calculating operation which 
has been carried out just before, and thus there can be 
implemented a gain control method in which the high-speed gain 
control is not deteriorated. 

Still furthermore, even when there is achieved such a 
result that the measured power Wo is different in sign from 
an estimated gain difference, the error can be detected, and 
thus the gain control on the variable gain amplifier 7 can be 
retried. Accordingly, there can be implemented a gain control 



55 



device which can prevent that the power Wo output from the 
variable gain amplifier 7 is not converged to the target power 
Wd, and a receiver and a cellular phone which are provided with 
the gain control device described above. 

Still furthermore, the retry of the gain control on the 
variable gain amplifier 7 is carried out by merely carrying 
out the gain control from the gain difference calculating 
operation which has been carried out just before, and thus there 
can be implemented a gain control device in which the high-speed 
gain control is not deteriorated, and also a receiver and a 
cellular phone which are provided with the gain control device 
described above. 
Industrial Applicability 

The present invention relates to a gain control device 
and a gain control method which are used for a receiver. 
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